Reduction of wild-type activity of the polychaetoid (pya') gene results in formation of extra mechanosensory bristles on the head and notum of adult Drosophila. Loss of pyd function results in decreased ability to restrict sensory organ precursor (SOP) formation to a single cell per proneural cluster. Although the initial proneural cluster pattern of achaete expression is not altered in pyd mutants, extra cells within proneural clusters express the high levels of achaete characteristic of SOPS. This observation suggests that pyd+ functions as a negative regulator of achaete-scute complex expression within the proneural cluster. Synergistic interactions between pyd and Notch, Delta and extramacxxhaetae mutations support this model. We also demonstrate that pyd is required for normal eye development.
Introduction
The mechanosensory bristles found on the head and dorsal thorax of the adult fly are distributed in a pattern that is largely invariant and species-specific.
Large bristles, called macrochaetae, are found in precisely reproducible positions. Smaller bristles, called microchaetae, are found in less invariant positions, but form a spatially restricted array. Each mechanosensory organ, consisting of a neuron, a glial cell and two cells that secrete specialized cuticular structures, is clonally derived from a precursor cell called the sensory organ precursor (SOP) (Hartenstein and Posakony, 1989) . The sensory organs develop during late larval and early pupal periods within imaginal discs, epithelial sheets that will give rise to epidermal cells and sensory organs. Thus, cells within the wing disc must make a spatially specific choice between two alternative fates, epidermal precursor or SOP.
Activity of the achaete-scufe complejt (AS-C) is critical foi'development of the external sensory organs of the adult fly. The AS-C includes four tightly linked genes that encode basic helix-loop-helix DNA binding proteins (Villares and Cabrera, 1987; Aionso and Cabrera, 1988) . Loss-of-function mutations in the scute (sc) or achaete (UC) genes of the complex result in the loss of sensory organs, while gain-of-function mutations result in the formation of ectopic sensory organs (Garcia-Bellido and Santamaria, 1978) . Sensory organ development also requires activity of the ubiquitously expressed bHLH protein encoded by daughterless (da) (Caudy et al., 1988; Cline, 1989) . Both at/da and se/da heterodimers display DNA binding activity in vitro and are thought to function as transcription factors in promoting development of the SOP Van Doren et al., 1992) .
Spatial patterning of the sensory organs depends on mechanisms that control the pattern of expression and activity of the AS-C. During development of the macrochaetae, expression of UC and SC in precisely positioned clusters of cells (proneural clusters) provides these cells with the potential to form sensory organ precursors (Cubas et al., 1991; Skeath and Carroll, 1991) . Subse-quently, inhibitory cell-cell interactions restrict adoption of the SOP fate to a single cell of each proneural cluster (Dietrich and Campos-Ortega, 1984; Hartenstein and Posakony, 1989; Simpson, 1990) . Selection of the SOP cell is accompanied by a further restriction of AS-C activity as the SOP cell accumulates higher levels of ac and SC protein than surrounding cells of the proneural cluster (Cubas et al., 1991; Skeath and Carroll, 1991) . The remaining cells of the cluster eventually stop expressing UC and SC and become epidermal precursors. During early pupa1 development, a similar process of inhibitory cell signaling is thought to select microchaete SOPS from within broad fields of achaete-scute expressing cells.
Genetic and molecular studies of the AS-C suggest that the proneural cluster pattern is established, at least in part, through the activity of multiple cis-controlling elements found in a large region surrounding the achaete and scute transcription units (Gomez-Skarmeta et al., 1995) . Individual cis-controlling elements appear to control expression of both genes in one or a small number of clusters. However, the identity of the proteins that interact with these elements is at present unknown. Several genes are known to function as negative regulators of AS-C expression in the wing disc. Mutations in extramacrochaetae (emc), hairy (h) and pannier (pnr) each result in ectopic expression of achaete and/or scute, and the presence of ectopic mechanosensory bristles (Skeath and Carroll, 1991; Blair et al., 1992; Van Doren et al., 1992; Ramian et al., 1993) .
The inhibitory cell-cell signaling required for selection of SOPS is mediated by a group of genes known collectively as the 'neurogenic' genes. Cell signaling involving genes of the neurogenic group is thought to regulate a number of cell fate decisions during Drosophila development (reviewed by Greenwald and Rubin, 1992) . Mutations in several of these genes, including Notch (N) and Delta (Df), cause multiple cells within a single proneural cluster to become SOPS (Dietrich and Campos-Ortega, 1984; Hartenstein and Posakony, 1990; Parks and Muskavitch, 1993) . Two of the neurogenic genes have been proposed to function as a signal (Dl) and a receptor (N) (Simpson, 1990; Lieber et al., 1993; Rebay et al., 1993; Struhl et al., 1993) . Genetic and molecular analyses suggest that other members of this group, including dx, Su(H), E(spl), neu and mam, function with N and Dl in transmission of the signal (Fortini and ArtavanisTsakonas, 1994 ) (reviewed by Greenwald and Rubin, 1992; Fortini and Artavanis-Tsakonas, 1993) . The pyd gene also functions as a negative regulator of sensory organ formation. The pyd' mutation results in the presence of extra macrochaetae near many of the normal macrochaetae (Neel, 1940) . This observation suggests that a reduction in pyd function causes a change in cell fate; cells that normally become epidermal precursors instead form sensory organs. In this paper we demonstrate that pyd negatively regulates achaete expression within the proneural cluster. In addition, we report observations suggesting that pyd function is required for cell fate decisions in the eye and possibly during embryonic development.
Results

I. Isolation of pyd alleles
Spontaneous mutations at pyd have been described previously (Lindsley and Zimm, 1993) . These mutations are homozygous viable and result in the presence of extra macrochaetae. To determine the cytological location and loss-of-function phenotype of pyd we carried out screens for y ray, ethyl methane sulfonate (ems) and P-elementinduced pyd alleles (Table 1 ; see Section 4). Three emsinduced alleles were identified by their failure to complement pyd* in an Fl screen of 5000 mutagenized chromosomes. Four y ray-induced alleles were recovered from a similar Fl screen of 8000 mutagenized chromosomes. Three of the four y ray-induced alleles are cytologically normal The fourth, pydJ4 contains a reciprocal translocation between chromosoies 3R and 2L (T(2:3)85B6-9;39). The 3R breakpoint at position 85B6-9 is consistent with our meiotic mapping of pyd to a position approximately 0.1 map units distal to pink @) (see Section 4) . A Pflac-Z, ry+] insertion allele and a deficiency for pyd, (Df(3R)pydC2), were obtained by mobilizing existing P element insertions located near pyd in 85B.
To confirm our assignment of pyd to 85B, we mapped pyd with respect to several deficiencies.
Df(3R)p819, Df(3R)pXT103 and Df(3R)pydC2 fail to complement pyd mutations, while Df(3R)p13 complements pyd mutations (see Table 2 for cytology of deficiencies). Thus, pyd maps to 85B6-9. This position is consistent with the breakpoint of pydJ4 and with molecular analysis of the P insertion in pyd". Genomic DNA flanking the P-element insertion has been cloned, and a cosmid clone including this region (Neel, 1940, Fig. 1 ). Rarely, extra macrochaetae are found in pyd heterozygotes (e.g. pydJ14/+ flies have an average of 0.29 + 0.07 extra macrochaetae per fly). pyd alleles were isolated after ems, y ray and P-element mutagenesis at frequencies consistent with loss-offunction mutations. Finally, deficiencies for pyd behave genetically in a manner similar to strong alleles of pyd (Table 3) . The average number of extra bristles for each pyd allele in trans to Df(3R)pydC2 is essentially the same as that observed in trans to pydc5. pyd alleles can be ranked in order of increasing severity on the basis of their phenotype in trans to a deficiency of pyd. As shown in Table 3 , the alleles can be ordered as follows from least to most severe: pydl < pydJ17 < pydJ4 = pydJ2 < pydGIX = pydG7 < pyd114 = pydcs. Thus, pyd' and the majority of our alleles are hypomorphs. The phenotype of pydJ'4/pydJ'4 (an average of 14.67 r 0.6 extra macrochaetae per fly, n = 15) is equivalent to that of pydJJ4/Df13R)pydC2 (15.3 f 0.58 extra macrochaetae per fly; see Table 3 ), suggesting that pydJ14 is a null allele. However, in the absence of molecular data we cannot eliminate the possibility that this allele retains some residual pyd function. pydC5, a P-element-induced allele, also appears to be a strong, or possibly null, allele. Unlike pydJz4, pydc5 is homozygous lethal and is lethal in trans to Df(3Rjp819 and Df(SRjpydC2. All of our other pyd alleles are viable in trans to these deficiencies. In the presence of a source of the P-element transposase, the extra bristle phenotype and lethality of pydC5 revert simultaneously (six of six revertants), suggesting that both phenotypes are due to insertion of the P-element. However, we have recentIy isolated an ems-induced lethal mutation that fails to complement pydc5 for lethality, but complements adults. (B) Loss of pyd function results in the presence of extra macrochaetae (arrows) near the sites of normal macrochaetae. In addition, microchaete density is slightly increased (see Table 4 ). (C) This phenotype is enhanced by decreasing D1 function. Missing bristles on the right side of the fly in (C) were broken off during preparation of the sample. Scale bars, 100pm. the extra bristle phenotype of pydJ14. The lethal mutation appears tightly linked to pink (less than one map unit) (H. Ellis, unpublished observations). These observations suggest that the P-element insertion might affect two independent loci.
In the most severely affected pyd genotypes nearly all macrochaetae positions on the head and notum can be affected (Fig. 2) . Individual macrochaete positions display differences in sensitivity to reduction of pyd function, though (Fig. 2) . In general, as the level of pq'd function decreases, more positions are affected and the number of extra bristles at the most sensitive positions increases. However, it is not possible to define an allelic series that is consistent for all macrochaete positions. In addition, we have noted a slight increase in microchaete density (Table 4 and Fig. 1 ).
Loss of pyd function leads to formation of extra
SOPS within proneural clusters
The extra bristles in pyd mutants appear near the sites of normal bristles rather than in positions that would re- aAverage number of microchaetae in a rectangular area of the notum defined by the four dorsal central macrochaetae. bFigure.s in parentheses denote numbers of pyd mutants. 'Differences between fl and pyd flies and between ences between fl and D16B37/ + and between D16B3 f py&14 and fl pyd*l D16B37/ fl py&14 flies were significant in Student t-tests, as were differ-/ + and fl p&l4 D16B37/ fl pydll (P < 0.02).
quire ectopic expression of the AS-C (Cubas et al., 1991; Skeath and Carroll, 1991) . This observation suggests that a reduction in pyd function results in the formation of additional SOPS within existing proneural clusters. To test this prediction, we examined the pattern of SOP formation and achaete expression in pyd mutant wing discs (Fig. 3) . Late third instar wing discs were stained with antibodies to the AS-C proteins achaete and asense. In wild-type wing imaginal discs achaete is expressed in a characteristic pattern of proneural clusters, each of which gives rise to a single SOP, or in the case of the scutellar, dorsal central and anterior post-alar clusters, multiple SOPS at different times (Cubas et al., 1991; Skeath and Carroll, 1991) (Fig. 3A) . asense is expressed only in the SOP and not in the other cells of the proneural cluster (Brand et al., 1993) . In pyd mutant discs, the proneural cluster pattern of achaete expression appears unchanged from the wild-type pattern; ectopic expression of achaete is not observed. However, the subsequent refinement of achaete expression is altered, as additional cells express the high levels of achaete characteristic of SOPS (Fig.  3B) . The presence of extra cells expressing both achaete and asense confirms that extra SOPS are formed ( Fig. 3C-H) . Thus, cells within proneural clusters that would normally become epidermal precursors, instead become SOPS. Multiple SOPS can form either immediately adjacent to each other or, more frequently, separated by several intervening cells (Fig. 3E-H) . Occasionally, extra SOPS are found in positions that appear to be at the edge or immediately adjacent to the border of a proneural cluster (Fig. 3C) . These might represent a slight enlargement of the cluster. However, given the dynamic nature of the proneural cluster we have not been able to confirm this conclusion.
SOPS display a reproducible sequence of gene expression before dividing (Brand et al., 1993) . The SOP is first identified by higher levels of achaete and scute expression. Expression of asense follows, so that for a time the SOP expresses both achaete and asense. Shortly before the SOP divides achaete protein becomes undetectable.
asense expression continues and can still be detected in the SOP daughters. In at least some cases, the pattern of protein expression in pyd mutant discs suggests that a normal and an ectopic SOP, or two ectopic SOPS, segregated at approximately the same time. However, in many pyd mutants, SOPS within a single cluster appear to be at different stages in this sequence of gene expression, suggesting that the ectopic SOPS arise sequentially (Fig. 3E-H) . For example, the dorsal central cluster normally gives rise to two SOPS, the anterior dorsal central (adc) and the posterior dorsal central (pdc). The pdc SOP appears first, followed several hours later by formation of the adc SOP (Huang et al., 1991) . In pyd mutants, we often observe dc clusters that include asense-positive SOPS at the normal pdc and adc positions as well as extra achaete-positive, asense-negative SOPS posterior to the pdc. This observation suggests that extra SOPS form in the posterior region of the dc cluster hours after this region has segregated the pdc SOP, when this region would normally be inhibited from segregating SOPS.
2.3. pydfunction is required for cell fate specification in the eye pyd function is also required for cell fate specification in the developing eye. The Drosophila eye is composed of approximately 800 simple eyes or ommatidia (Fig.  4A) . Each ommatidia is formed by eight photoreceptors, four cone cells, two primary pigment cells and a surrounding lattice of additional pigment cells and mechanosensory bristles (Fig. 5A) . Development of this highly ordered array of cell types begins with specification of a single photoreceptor cell type (RS). Subsequently, a series of interactions between neighboring cells are thought to mediate the highly ordered addition of the remaining photoreceptors and accessory cells to the ommatidia (Dickson and Hafen, 1993; Wolff and Ready, 1993) .
In pyd mutants a slight roughness of the eye is detected under the dissecting microscope (data not shown). Scanning electron micrographs reveal that this roughness is due to the presence of mispositioned and duplicated mechanosensory bristles and occasional enlarged, irregularly shaped facets (Fig. 4B) . In addition, the rows of ommatidia are somewhat misaligned.
At the midpoint in pupal development pattern formation in the eye is complete. The four cone cells, the primary pigment cells, and the surrounding latticework of pigment cells and mechanosensory bristles extend to the apical surface of the retina (Wolff and Ready, 1993) . The outlines of these cells can be visualized after cobalt sulfide staining (Fig. 5A) . The photoreceptors are positioned basally to these accessory cells. In cobalt sulfide-stained midpupal eyes of pyd mutants, we observe a small fraction of ommatidia with extra cone cells and/or primary pigment cells, as well as ommatidia with too few cone cells (Fig. 5B) . If we focus below the apical surface, it is clear that ommatidia with extra cone cells also have extra photoreceptors (data not shown).
pyd mutations ititeract synergistically with mutations in N, Dl and emc
The neurogenic group of genes are thought to function in an inhibitory cell signaling pathway that insures the selection of a single SOP from each proneural cluster (Ghysen et al., 1993) . Since pyd mutants show a reduced ability to restrict the SOP fate, we have examined genetic interactions between pyd and genes of the neurogenic pathway. The following studies were done with pydJ14 unless noted otherwise. Genetic analysis suggests that this allele is a null or a severe hypomorph (see above). Loss of either Dl or N function in the late third instar wing disc results in the formation of numerous SOPS within each proneural cluster. D16B is a temperature-sensitive allele that still retains a small amount of function at the restrictive temperature of 29°C (Parks and Muskavitch, 1993) . Reduction of Dl function in pyd D16B lpydJ14 flies at 29°C (GE) eyes. pydJ14 D16B/pydJ'4 flies were raised at 29°C. (A,D) illustrate the regular arrangement of mechanosensory hristles and facets of wild-type eyes. (B) The mild rough eye phenotype of pyd mutants is due to the presence of duplicated and mispositioned bristles and occasional enlarged and irregularly shaped ommatidia. This phenotype is enhanced in pydJ'" D16B/pydJ14 eyes (C,E).
strongly enhances both the pyd extra bristle (Fig. 3C and Table 5 ) and rough eye phenotypes (Figs. 4C and 5D ). Decreased Dl function in pyd mutant eyes results in a marked increase in the frequency and number of extra br&tles, as well as a less dramatic increase in the number of ommitidia with too many or too few cone cells. Neither an increase in bristle number, nor a rough eye phenotype, were observed at the dissecting microscope in D16B/pydJ14 flies raised at 29°C (data not shown). Reduction of N function to a single dose has similar affects on both the pyd bristle phenotype (Table 5 ) and the rough eye phenotype (data not shown).
We have also examined interactions between pyd and a gain-of-function allele of N, Abruptex" (Ax").
Ax alleles appear to produce a 'hyperactive' Notch protein resulting in a decrease in the ability to form SOPS . At 29°C AXEZI+ flies frequently lack a characteristic subset of the head and notum macrochaetae (Lindsley and Zimm, 1993) . This phenotype is partially suppressed in Ax"/+; pydJ'4/pydJ'4 flies (Table 6 and Fig.   6 ).
emc encodes a negative regulator of the AS-C that is expressed in the wing disc in a pattern largely reciprocal to that of the AS-C. In emc mutants, the pattern of AS-C expression is expanded and extra SOPS form at both ectopic locations and sites within existing proneural clusters Modolell, 1992: Van Doren et al., 1992) . Reduction of emc function in emc201+; pydJ14/pydJ*4 flies strongly enhances the pyd phenotype (Table 5) . emc20 is a homozygous viable, hypomorphic allele (Lindsley and Zimm, 1993) . Enhancement of the pyd phenotype results in additional sensory organs in positions characteristic of pyd mutants rather than emc mutants. This observation suggests that the enhancing effect of reduced emc function is due to an increase in AS-C expression, or activity, within the proneural clusters. Although both emc2* and pydJ14 homozygotes survive to adulthood, homozygotes for both mutations die as embryos or early larvae. Homozygosity for emc2* and an- Table 5 Genetic interactions between pyd and N, Dl or emc %Zrosses were carried out at 25°C except those involving DpB. p" pyd'14/ fl pydJ14, D168/ + and fl py&14 DpB/ fl pyd14 flies were shifted from 25°C to 29°C as first instar larvae. bValues shown arc the average number of extra macrochaetae on the notum and head, GEM. Differences between each of the double mutants and pyd homozygotes is significant in a Student t-test (P < 0.01). 'Similar results were obtained at 18°C. indicating that this affect of DpB is not temperature-sensitive.
Although the embryonic phenotype of DpB is temperature-sensitive, other phenotypes including wing vein thickening are not (Parody and Muskavitch, 1993) .
other viable pyd allele, pydJ4, is also lethal. These results were confirmed in several independent recombinants for each genotype. In addition, no non-Tubby late L3 larvae or pupae were observed among 168 progeny of emc2* pydJ141TM6B, Tubby females crossed to emc2* pydJ41 TM6B, Tubby males.
Cuticle preparations of unhatched emcZo pydJ14 homozygous embryos display several defects. The majority of these embryos show severe defects in head involution and lack the cephalo-pharyngeal skeleton (Fig. 7) . Holes in the dorsal cuticle of the head are also observed in a subset of embryos. In addition to head defects, emc2* pydJ'41 Table 6 A pyd mutation partially suppresses macrochaete loss in krE2 heterozygotes
Genotypea
Macrochaetae missingb n AI+/+ 4.3 * 0.34 28 AXE2 I+ ; ~y,yd'~~ I+ 2.6 i 0.24 17 %rosses were carried out at 29°C. bAverage number of missing machrochaetae on the head and notum, &EM. This difference is significant in a Student t-test (P < 0.01). Table 6 . emc*O pydJ14 embryos have sparse and disorganized dentitle belts.
With the exception of the dorsal holes in the head cuticle, these phenotypes are very similar to those described for embryonic lethal emc alleles (Cubas et al., 1994) Although homozygotes for either ernc*O or pydJ14 can survive to adulthood, a small subset of embryos of each genotype fail to hatch. Unhatched emc*O embryos display defects similar to, but less severe than, those observed in emczo pydJ14 . In particular, head involution is much less defective and at least part of the cephalo-pharyngeal skeleton forms (Fig. 7) . Unhatched progeny of pydJJ4/ TM6B parents display similar defects. Head involution is incomplete, the cephalo-pharyngeal skeleton is defective, and denticle belts are sparse and disorganized (Fig. 7) . We also observed missing and/or fused denticle belts in a subset of pydJ14 embryos. Two of 30 cuticles had large holes in the ventral cuticle. However, we have also observed this phenotype among progeny of TM2lTM6B parents (l/60 TM6B embryos). We did not observe defects in head involution, differentiation of the head skeleton, or denticle belts among progeny of TM2lTM6B parents. Defects similar to those of pydJ14 are seen in pydc5 embryos (data not shown).
Discussion
pyd is required to restrict SOP formation within proneural clusters
Reduction of pyd function results in the presence of ectopic mechanosensory bristles near the sites of normal bristles. In this report we have investigated the developmental basis for this phenotype. We find that loss of pyd results in a decreased ability to restrict SOP formation to a single cell per proneural cluster. In pyd mutants, multiple SOPS form from proneural clusters that would normally segregate a single SOP.
The spatial and temporal pattern of AS-C expression within proneural clusters is altered in pyd mutants
We have examined expression of achaete protein in pyd mutant wing discs. The initial proneural cluster pattern of achaete expression is not altered in pyd mutants. However, we find that loss of pyd function results in the appearance of additional cells with the high level achaete expression characteristic of SOPS. This observation suggests that pyd+ functions, either directly or indirectly, as a negative regulator of AS-C expression within the proneural cluster. Genetic interactions between pyd and other bristle patterning genes are consistent with this model. pyd mutant phenotypes were enhanced by mutations in N and Dl that are thought to increase proneural cluster AS-C expression and/or activity, while a pyd mutation partially suppressed a N mutation, A.$*, that results in decreased AS-C activity. pyd is also enhanced by a reduction in emc activity. emc is thought to regulate the size and position of proneural clusters. In emc mutants, extra macrochaetae form at both ectopic locations and at sites within existing proneural clusters (Cubas and Modolell, 1992; Van Doren et al., 1992) . However, enhancement of the pyd phenotype by reduced emc function results in additional sensory organs at sites that appear to be within existing proneural clusters, rather than at ectopic sites. This observation is consistent with the view that pyd functions within proneural clusters.
SOPS display a reproducible sequence of expression of first high levels of achaete, followed by expression of both achaete and asense, and finally only asense (Brand et al., 1993) . The overall timing and sequence of achaete and asense expression in normal SOPS of pyd mutants does not appear to be altered (data not shown). Thus, we have used the relative positions of pyd mutant SOPS in this sequence of gene expression as a rough measure of whether they adopted the SOP fate at the same or different times. These observations indicate that extra SOPS associated with a single proneural cluster often are specified sequentially, rather than at the same time. In particular, extra SOPS can form near the pDC SOP several hours after the normal pDC forms. One effect of decreasing pyd function might be to lengthen the period during which a proneural cluster is competent to specify SOPS.
In the most severely affected pyd genotypes nearly all macrochaete positions on the head and notum can be affected, suggesting that pyd is generally required to restrict SOP formation. However, individual macrochaete positions display marked differences in sensitivity to levels of pyd function. Several positions are only rarely affected, even in pyd allelic combinations that appear to result in loss of pyd function. This pattern of sensitivity to decreased pyd function does not appear to be correlated with the wing disc. Similar, but only partially overlapping, patterns of sensitivity are observed in response to mutations in other bristle patterning genes (Bang et al., 1991) . These differences in sensitivity seem likely to reflect temporal and spatial differences in the balance between activators and inhibitors of SOP formation (Bang et al., 1991 We have noted several additional defects in pyd mutants that were not previously described. These observations suggest that pyd+ function is required for developmental processes in addition to SOP patterning. A synthetic lethal interaction between a viable hypomorphic allele of emc and viable alleles of pyd, suggests a role for pyd in embryonic development.
This interaction might reflect synergistic effects of mutations in the same developmental pathway or the combined effects of mutations in distinct pathways acting in the same tissues. Given the differences between emc and pyd function in the wing imaginal disc, we favor the latter explanation. However, pyd might have differing roles in the embryo and imagi-nal disc. A small subset of pydJi4 homozygous embryos fail to hatch and display cuticle phenotypes similar to hypomorphic emc alleles. Most pydJ14 homozygotes are viable adults, though. Thus, if pydJ14 is a null mutation, these observations suggest pyd plays a largely redundant role in embryonic development.
It is also possible that there is a maternal component to pyd function in the embryo. However, even homozygous pydJ14 progeny of pydJ14 mothers can develop to viable adults (data not shown). emc2 pp females. Rare male progeny carrying potential new pyd or emc alleles (pp */ems' pyd') were crossed to emc21 pyd'/ TM2, ems Pp females in order to distinguish whether the new allele was an emc or pyd allele. In this screen we isolated three pyd alleles (one was subsequently lost) and no emc alleles.
y ray mutagenesis
We have also observed a weak rough eye phenotype in pyd mutants. Defects include the presence of extra cone cells, primary pigment cells and mechanosensory bristles. Thus, pyd+ function also appears to be involved in cell fate decision in the developing eye. These phenotypes, although much less severe, are similar to defects resulting from reduced D1 or N function in the eye (Fortini and Artavanis-Tsakonas, 1993; Parks et al., 1995) .
Isogenic pp males were mutagenized (5000 rad) and crossed to thread scarlet pyd2.' (th st pyd2.') females (this strain was kindly provided by Jose de Celis and John Roote). Male progeny of this cross carrying potential new pyd alleles (th st ~~8.~1 pp pyd') were crossed to Pp pydG181 TM2, Pp females to confirm the pyd phenotype of the new allele and to establish a stock.
P-element mutagenesis
Several possible models for pyd+ function in SOP formation are suggested by the studies described here. The failure to restrict SOP formation in pyd mutants suggests that pyd might be a component of the inhibitory ceil signaling pathway. However, loss of pyd function has a relatively minor affect on SOP formation, resulting in a few extra SOPS per cluster, while loss of Dl function can result in formation of up to 30 SOPS per cluster (Parks and Muskavitch, 1993) . In addition, the phenotype of a putative pyd null allele is enhanced by a reduction of N or Dl function. These observations suggest that pyd acts independently of the inhibitory signaling pathway to regulate AS-C expression and/or activity within the proneural cluster, or to maintain repression of AS-C following selection of the SOP. Alternatively, the genetic interactions between pyd and N are also consistent with a partially redundant role for pyd in the inhibitory signaling pathway. Molecular studies of pyd are in progress to address these issues.
A P element insertion allele of pyd was generated by mobilizing a closely linked P insertion (Tower et al., 1993) . Five P insertions in 85A or 85B were used in this mutagenesis, P[ry+ lacZfA119, P[ry* lacZlA363 (Bellen et al., 1989) , P[w+ lacZjY306 (S. Wasserman, unpubIished), Pit-y+ 1acZ krn~~~(3~~~28~ and P(ry* lacZ km'jl(3) 02693 (provided by the Drosophila genome project). Dysgenic males were generated by crossing Sp/ CyO; rySo6Sb P[ry+ AZ-31 to each of the P insertions listed above. P[ry+ 42-31 is a stable insertion of a P element that lacks the third intron of the P element. This P element produces high levels of P transposase in both the soma and the germline (Robertson et al., 1988) . Dysgenic males heterozygous for P(ry+ 42-31 and one of the 85AlB P insertions were crossed to Pp pydJi71 TM2,pD females and their non-Sb male progeny were screened for the presence of new pyd alleles. New alleles were detected by their failure to complement pydJJ7. Males carrying new alleles of pyd (P[ry+ lacZ]pyd*l pppydJ17) were crossed to Pp pydGlxl TM2, p" females to confirm the pyd phenotype of the new allele and to establish a stock.
Experimental procedures
4.3. Mapping
Drosophila stocks
Flies were raised on standard yeast-cornmeal-sucroseagar medium at 25°C. The wild-type strain used in this study was an isogenic pink stock (pp) that was the parent strain of most of our pyd alleles. Descriptions of mutations and chromosomes not described in the text can be found in Lindsley and Zimm (1993) .
Mutagenesis
Previous observations suggested that pyd mapped on chromosome 3 between st and cu (J. Roote and J.F. de Celis, personal communication).
To determine a more precise map position for pyd we crossed Pp CU/ pyd females to Pp cu males and from their progeny isolated 48 recombinants in the interval between p and CU. One of 24 p non cu and 23 of 24 cu non p males segregated pyd.
Since the interval between p and cu is approximately two map units (Lindsley and Zimm, 1993) , these data place pyd approximately 0.1 map units distal to p.
I. EMS mutagenesis
Isogenic p" males were fed ethyl methane sulfonate (EMS) as previously described (Lewis and Bather, 1968) . Mutagenized males were crossed to emc21 pydl/ TM2,
Scanning electron microscopy
Flies were prepared for scanning electron microscopy as described by Bang et al. (1991) .
